About 1.4 million people worldwide are affected by hand hygiene-associated infections from healthcare providers, and altered perceptions might be the contributory factor. Objective To assess nurses' perceptions and adherence to the "five moments of hand hygiene" in selected units at a University Teaching Hospital in Rwanda. Methods A descriptive cross-sectional design was used. A sample size of 84 nurses was selected using convenience sampling. The perceptions survey questionnaire and the observation checklist was used to collect data. Descriptive and inferential statistics were used to analyse the data.
Background
Healthcare-associated infection (HCAI), also referred to as "nosocomial" or "hospital acquired infection" is an infection which is not present or incubating in the patient at the time of admission, but occurs during the process of care in a hospital or any other health care setting. [1] Though it is estimated that 1.4 million people globally are affected by preventable HCAI, [2] the prevalence ranges from 3.5% to 12% of hospitalised patients in developed countries and 5.7% to 19.1% in developing countries. [3] In 2011, the World Health Organization (WHO) reported that at any given time 7% of patients in high-income, and 10% in low-income countries, will develop at least one HCAI. [4] A review of nosocomial infections in some African countries such as Burkina Faso, Burundi, Cameroon, Democratic Republic of Congo, Gabon, Ghana, Mali, Uganda, United Republic of Tanzania, and Senegal revealed a prevalence rate between 1.6%-28.7%. [3] In Rwanda, a study conducted in 2016 at University Teaching Hospital of Kigali (UTHK) revealed an overall HCAI prevalence rate of 15.1% with the highest rate in intensive care unit (ICU) (50.0%), and the lowest rate in General surgery unit (12.1%). [5] Other significant burdens related to HCAIs include antibiotic resistance in 50% or more of surgical site infections and severe economic cost to healthcare systems and society. [4, 6] Cross-contamination with contaminated health care providers (HCPs) hands is the most common transmission way of HCAIs in health facilities. [7] It is proven that about 50% of HCAIs occur due to HCPs hands. [8] As a solution to the HCAI burden, the WHO introduced an evidence-based concept of "My five moments for hand hygiene" in 2009 as a strategy to raise the hand hygiene compliance by HCPs and to reduce the HCAIs. [9] The five moments of hand hygiene for HCPs are: (1) before touching a patient; (2) before the clean/ aseptic procedure; (3) after body fluid exposure risk; (4) after touching a patient; and (5) after touching patient surroundings. [2] Nurses are mostly in contact with patients among all HCPs, [10] and the main providers of physical care. [11] Hence their hands come into constant contact with patients, which increases the risk of cross-contamination of HCAIs. [9] Thus, nurses' hand hygiene compliance seems pivotal in preventing HCAIs and limiting the transmission of microorganisms. [10] Though hand hygiene is a simple procedure, HCPs' hand hygiene compliance is as low as 40%. [9] Furthermore, the WHO estimated in 2009 that the hand hygiene compliance rates are comprised between 5% and 81%, with an average below 40%. [7, 12] The studies conducted in India and Brazil revealed that most of the HCPs do hand hygiene after patient care than before contact with the patient. [2, 9, 13] Despite the low hand hygiene compliance rates, in various studies conducted in India, Iran and Arabia, the participants revealed good awareness and positive perceptions towards hand hygiene and HCAIs. [1, [14] [15] [16] The most perceived barriers that hinder hand hygiene practice in different studies conducted in India, Iran and Uganda were busy workload, forgetfulness, lack of time for hand washing, location and shortage of sinks and water, gloves use, fearing skin problems, lack of hand hygiene products, lack of role model, encouragement and motivation. [14, [16] [17] [18] Although numerous health behaviour theories such as the Theory of Planned Behaviour, the Trans-theoretical Model and the Health Belief Model (HBM) have been used to inform health intervention designs, the HBM remains one of the most widely applied theories in the design and evaluation of health behaviour intervention. [19] The HBM was employed in this study as a guiding framework to explore nurses' perceptions and their adherence to preventive health behaviour (hand hygiene). The main concepts of the HBM comprise: (1) susceptibility to illness or risk of illness, (2) severity of illness or risk for severe illness or consequence from the illness,(3) barriers to action or difficulties to perform an action, (4) benefits of action, (5) cues to action or factors that prompt action and(6) self-efficacy or confidence in one's ability to perform an action. [20] The reduction of HCAIs through hand hygiene was incorporated into the Rwanda Hospital Accreditation Standards. [21] Despite this, HCAIs are still prevalent (15.1%) at the University Teaching Hospital of Kigali (UTHK). [5] However, the investigator did not find any study conducted on hand hygiene adherence among nurses at UTHK. Therefore, the current study aimed to assess the nurses' perceptions and adherence to the recommended WHO five moments of hand hygiene at UTHK. The specific objectives include: To characterise the nurses' perception of hand hygiene; To determine the level of adherence to WHO five moments of hand hygiene; To establish demographic factors associated with nurses' perceptions and adherence to five moments of hand hygiene.
Methods

Design
The study was a descriptive cross-sectional and observational study design to assess the nurses' perceptions and adherence to the WHO five moments of hand hygiene. The study was conducted in Rwanda specifically at the University Teaching Hospital of Kigali in intensive care and surgical departments from 30 March to 21 April 2017.
Participants' recruitment
The study population included 106 bedside nurses working in surgical (48) and intensive care (58) departments. The sample size of 84 bedside nurses was used, and it was calculated using the following formula:
1+(͜ z 2 p(1-p) e 2 N n = Sample size: e = 5% Margin of error: N = Population: Z = 1.96 z-score: P = 50% Sample proportion
Sampling strategy
The units; General Surgery, Orthopedic/Burn, Neurosurgery, ICU/adults, ICU/pediatrics and Neonatal Intensive Care Ward were the strata. The same sampling fraction (84/106) was used to calculate the number of nurses to be selected in each stratum. Based on the number of bedside nurses in each stratum, the calculated sample of nurses in each stratum was as follows: General surgery (14) , Orthopedic/Burn (14), Neurosurgery (10), ICU/adults (23), ICU/pediatrics (12) and Neonatal Intensive Care Ward (11) . Thus, the convenient sampling was used to select the predetermined sample in each stratum.
Instrument
The nurses' perceptions on hand hygiene and HCAIs was assessed using the perception questionnaire that was developed based on the tenets of the Health Belief Model and the WHO "Perception Survey for Health-Care Workers" questionnaire developed in 2009. It was a self-administered questionnaire made of two main sections, namely socio-demographic characteristics of the respondents and questions on perception, constructed on a five-point Likert scale and grouped into four categories:(1) perceived susceptibility/ severity of HCAIs, (2) perceived benefits of hand hygiene, (3) perceived barriers to hand hygiene, and (4) cues to take hand hygiene action. The questionnaire was in the English language, and it took about 10 to 15 minutes to fill out. The WHO hand hygiene observation form revised in 2009 was adapted to observe hand hygiene adherence to the WHO five moments. The observation form consisted of the WHO five moments for hand hygiene and the corresponding options to tick hand hygiene action as "missed, hand rub, hand washing". The reliability for the developed questionnaire was measured by SPSS software version 21 for a sample of 30 participants used in the pilot study, and the Cronbach's Alpha was 0.73, which was considered reliable. To ensure the content validity, the research experts at the University checked, analysed and validated the questions inside the developed tool.
Data collection
Two methods of data collection were used. Firstly, the self-administered questionnaire was used to gather information about nurses' perceptions of hand hygiene and HCAIs. Secondly, direct observation was carried out to collect data about nurses' adherence to the WHO five moments of hand hygiene. Direct observation is considered the gold standard for hand hygiene monitoring. [7] A pretesting was conducted to assess the feasibility of the study. After obtaining permission from the University and UTHK authorities, the questionnaire was pre-tested among 30 bedside nurses from the UTHK, but who were not part of the main study. This helped to rectify the ambiguity of the questionnaire.
The three questions (one question under the perceived susceptibility and severity, and two questions under the perceived benefits of hand hygiene) were confusing, and they were reframed to increase clarity.
Regarding the direct observation, the inter-rater reliability was achieved by involving the research assistant (unemployed nurse with Bachelor's degree in General Nursing) who was trained and assessed by the investigator for the understanding of the WHO concept of five moments for hand hygiene and completion of the WHO observation form during data collection. After that, concordance in hand hygiene observations between the trained observer and the investigator was established in two departments (Surgical and ICU) before the actual observation sessions are conducted. The trained observer and the investigator observed hand hygiene opportunities and actions during a patient care situation each completed the observation form separately while observing the same HCP and the same care sequence in the same unit and at the same time. Then the measured rates of compliance were compared, and discordant notifications were discussed. To achieve concordance between two observers in terms of the number and nature of each hand hygiene opportunity that occurred; this process was carried out two times in the surgical department and three times in ICU. The same approach was described and used by the investigators in their studies. [22, 23] Data collection occurred on weekdays between 8:a.m and 7:00 p.m.during four weeks from 30 th March to 21 st April 2017. Arrangements had already been made with the unit managers, and participants were approached individually and invited to be involved in the study.
The study was explained, consents were signed, and participants were given adequate time to complete the questionnaire. The nurses who were questioned were the same ones observed in this study. To enhance the identification, a code number was used on both data collection tools.
The observers became passive observers, observing hand hygiene activity using the observation checklist. To reduce the Hawthorne effect, which is when individuals are aware that they are being observed and change their behaviour to meet the observer's expectations; [24] the following strategies were employed. (1) The observation sessions were conducted in the same period of questionnaires distribution; the period in which the participants could think that the physical presence of the investigators in wards was for questionnaires distribution only yet two activities were being concomitantly conducted. Each observation session was initiated at the time the nurses were busy caring for patients, and the observers were dressed in nurses' uniform.
(2) The observers were standing at a certain distance that allowed them to see what was happening without interfering with patient care activities. (3) The observers kept changing the location (after five observations), moving about from one unit to another at the end of each observation session on a unit.
The observers watched while counting and recording the hand hygiene opportunities that were occurring during the care activity sequence, and the hand hygiene actions performed by the nurse. The time the observer identified an indication for hand hygiene, it was counted, as an opportunity to which there would be a corresponding positive or negative action. Only the frequency of hand hygiene and not the quality was evaluated. The use of gloves was only recorded when the HCP under observation used gloves at the time an opportunity occurred and did not perform a hand hygiene action. The observation sessions were conducted until the predetermined sample size in each unit was reached.
Data analysis
Data were analysed using the Statistical Package for Social Sciences (SPSS software version 21), and the Microsoft Excel was used to produce figures on hand hygiene adherence. Descriptive statistics were used to describe the nurses' perceptions and adherence to five moments of hand hygiene. The chi-square test was used to measure the association between socio-demographic characteristics with nurses' perceptions and adherence to hand hygiene. Adherence rate was calculated using the following formula as recommended by WHO, [7] and the study by Taneja and Mishra. [13] Total number of acts of hand hygiene when the opportunity existed ___________________________________________________ x 100 Total number of hand hygiene opportunities
Ethical considerations
The ethical clearance was obtained from the University of Rwanda, College of Medicine and Health Sciences, Institutional Review Board (IRB) and from the UTHK research committee. Participation in the study was voluntary, and the participants approved their participation by signing the informed consent. Both questionnaires and observation forms used for data collection were anonymous bearing only codes.
Results
Socio-demographic characteristics of study participants
The majority was female 70(83.3%) and aged between 35-45 years old ( 
Perception of the benefits of hand hygiene
As presented in table 3, the 5-point Likert Scale was used to gather participants' perception on ten items about the benefits of hand hygiene. All participants 84(100 %) agreed that hand hygiene is the primary major for preventing and reducing HCAIs. Almost all participants 81(96.4%) agreed on the importance of hand hygiene at the WHO five moments of hand hygiene. About 78(92.9%) including 33(39.3%) and 45 (53.6%), respectively agreed and strongly agreed that hand hygiene is an economical method for reducing HCAIs. The same percentage was in agreement that the effectiveness of hand hygiene in preventing HCAI is high. Hand hygiene is cost-saving 1 (1. 
Cues to action (Hand hygiene action)
As presented in table 4, the 5-Likert Scale was used to gather participants' perception of twelve items about the cues to hand hygiene action. The findings revealed that most of the perceived cues to take hand hygiene action included leaders and senior managers who support and openly promote hand hygiene (97.7%), hand hygiene posters at point of care (94%), visible, clear and straightforward instructions for hand hygiene (92.9%), in-service education (78.6%), alcohol-based hand rub (77.4%), safe continuous water supply, soap and towels (61.9%). However, a total of 59(70.2%) participants were in disagreement with inviting patients to remind HCPs to perform hand hygiene. 
Perception of barriers for hand hygiene
The most perceived barriers for hand hygiene were lack of material (41.7%) such as soap, paper towel, alcoholbased hand rub, water; being too busy (29.8%), use of gloves (28.6%) and forgetfulness (25%). The majority of participants were in disagreement with regard to various barriers for hand hygiene such as lack of rewards/ encouragement (94.1%), lack of institutional priority for hand hygiene (94%), perceiving hand hygiene as not convenient (89.3%), allergic reactions with hand hygiene (88.1%), unsure of need to hand washing (85.7%) and interference of hand hygiene with HCP-Patient relationship (81%). 
Nurses' perception scores
The overall perception of study participants on susceptibility and severity of HCAI, benefits of hand hygiene, hand hygiene actions and barriers to hand hygiene was computed, and the score was calculated. The responses ranged from 1=strongly disagree, 2=disagree, 3=undecided, 4=agree and 5=strongly agree. The response "agree" or "strongly agree" on each item was considered as a positive response.
Regarding the susceptibility and severity of HCAI, there were nine items, the minimum score was nine, and the maximum score was 45. Thus, the score of 36/45 (80%) was taken as the cutoff point. Any score equal or above 36 was categorised as positive perception while the score lower than 36 was categorised as negative perception.
The computed results indicated that the majority of participants 69 (82.1%) had a positive perception of susceptibility and severity of HCAI.
Benefits of hand hygiene had ten items, the minimum score was 10, and the maximum score was 50. Thus, the score of 40/50 (80%) was taken as the cutoff point. Any score equal or above 40 was categorised as positive perception, while the score lower than 40 was categorised as negative perception. The computed results indicated that the majority of participants 75(89.2%) had a positive perception of the benefits of hand hygiene.
There were 12 items for the hand hygiene action, the minimum score was 12, and the maximum score was 60. Thus, the score of 48/60 (80%) was taken as the cutoff point. Any score equal or above 48 was categorised as positive perception while the score lower than 48 was categorised as negative perception. The computed results indicated that the majority of participants 67 (79.8%) had a negative perception of cues to hand hygiene action. Only 17 (20.2%) participants had a positive perception of cues to hand hygiene action.
There were 11 items for the barriers to hand hygiene action with a minimum score of 11 and the maximum score of 55. Thus, the score of 44/55 (80%) was taken as the cutoff point and was categorised as positive perception while the score lower than 44 was categorised as negative perception. The computed results indicated that all 84(100%) participants had a negative perception of barriers to hand hygiene action. None of the participants had a positive perception of barriers to hand hygiene action. The adherence rates to specific WHO five moments of hand hygiene As shown in figure 1 , the high adherence rate (82.1%) occurred after body fluid exposure risk, 61.9% and 60.7% of adherence rates occurred before clean/aseptic technique, and after touching a patient, respectively. The low adherence rates (27.4% and 35.7%) occurred before touching a patient and after touching patient surroundings, respectively.
Figure 1. Adherence rates to each WHO five moment of hand hygiene
The overall adherence rate to the WHO five moments of hand hygiene Using the observation checklist, a total of 420 hand hygiene opportunities occurred, and 225 hand hygiene actions were observed and recorded on the observation checklist. The average adherence rate to WHO five moments of hand hygiene was 53.6% as calculated taking the observed hand hygiene actions, multiplied by one hundred, and divided by the total hand hygiene opportunities that occurred.
Adherence rate to the WHO five moments of hand hygiene by qualification
As presented in figure 2 , the advanced diploma holder nurses (A1) were the majority (n=74) and had an adherence rate of 54.0%, while the Secondary school diploma (A2) and Bachelor's degree (A0) holder nurses, were in the minority (n=5 for each) and had adherence rates of 52.0% and 48.0 %, respectively.
Figure 2. Adherence rate to the WHO five moments of hand hygiene by qualification
Adherence rate to the WHO five moments of hand hygiene by the department of work As presented in figure 3 , the high adherence rate (90.9%) of the WHO five moments of hand hygiene was observed in Neonatal Intensive Care Unit (NICU), followed by ICU/Adults (56.5%). The low adherence rates of 48.6%, 43.3% and 34.3% were observed in General Surgery, ICU/Pediatrics and Orthopedic/Burn, respectively.
Figure 3. Adherence rate to WHO five moments of hand hygiene by work department
Adherence rate to the WHO five moments of hand hygiene by in-service training in hand hygiene
As indicated in figure 4 , the majority of participants (n=60) who received in-service training in hand hygiene had an adherence rate of 54.6%, while the minority (n=24) who did not receive in-service training in hand hygiene had an adherence rate of 50.8%.
Figure 4. Adherence rate to the WHO five moments of hand hygiene by in-service training in hand hygiene
Association between socio-demographic characteristics with nurses' perceptions and hand hygiene adherence
The Chi-square was used to test the association between socio-demographic characteristics with nurses' perceptions and adherence to hand hygiene. The total scores for nurses' perceptions and adherence to hand hygiene were computed and cross-tabulated with socio-demographic characteristics. As shown in table 7, there was only an association between the qualification of the participants with nurses' perceptions (p=.002) and an association between the department of work with adherence to hand hygiene (p=.001). 
Discussion
This study aimed to assess the nurses' perceptions and adherence to the recommended WHO five moments of hand hygiene at UTHK. The findings were discussed systematically as per the study objectives.
Perception of susceptibility and severity of HCAI
Participants (82.1%) revealed a positive perception of susceptibility and severity of HCAI. Specifically, more participants agreed (65.5%) and strongly agreed (21.4%) that the impact of HCAI on a patient's clinical outcome is high. These findings are quite similar to those from a study conducted in Saudi Arabia where most of the participants believed that there is a high (54%) and very high (21.5%) impact of HCAIs on patient clinical outcome. [1] Individuals with a positive perception of susceptibility (risk assessment and vulnerability) and severity (of HCAI) would likely adhere to hand hygiene, a proven primary preventive behaviour to reduce HCAIs. [16] However, it is not always the case as some individuals may possess good knowledge and perceive well about a particular disease but still fail to take preventive health behaviour. A study revealed that having good knowledge of hand hygiene, social influence or moral perceptions do not necessarily result in good hand hygiene practice, [25] instead self-efficacy is a determinant factor for hand hygiene compliance. [1] Perception of the benefits of hand hygiene The majority of participants (89.2%) had a positive perception of the benefits of hand hygiene, and all (100%) perceived that hand hygiene was the primary measure for preventing and reducing HCAIs. Similarly, a study conducted in Saudi Arabia found that nearly all (99%) agreed that hand hygiene is the single and most effective technique against HCAIs. [1] A positive perception implies a good understanding that the benefits of hand hygiene outweigh the barriers.
Cues to action (Hand hygiene action)
Though most participants (97.7%) agreed that leadership supported and promoted hand hygiene, a relatively large number of participants (79.8%) generally had a negative perception of cues to hand hygiene action. This implicated that a lot still needs to be done at the institutional, managerial level for better implementation of the WHO Multimodal Hand Hygiene Improvement Strategy. Many participants (70.2%) disagreed that patients should remind HCPs to perform hand hygiene, similar to a study in Saudi Arabia whereby only a limited number (26.4%) perceived this as a cue to hand hygiene action. [1] A 2013 literature review revealed that this patient action increased hand hygiene compliance by 50%. [17] 
Perception of barriers for hand hygiene
The perceived barriers to hand hygiene were lack of materials (41.5%), such as soap, paper towel, alcoholbased hand rub, water; too busy (29.8%), using gloves (28.6%) and forgetfulness (25%). The same barriers were cited in studies from India, [14] Uganda, [18] and a literature review. [17] Also, 20 situations were observed where hand hygiene was missed and instead participants used gloves. All these findings indicate that barriers still hinder hand hygiene adherence; even though the HBM Theory articulates that the perceived benefits should override the perceived barriers for adopting a preventive health behaviour. [19] Adherence to the WHO Five moments of hand hygiene An overall adherence rate of 53.6% demonstrated that nearly half (46.4%) of participants were not practising the WHO five moments of hand hygiene. The observed low adherence rate was in the range of compliance rates estimated by WHO (5%-81%, with an average below 40%). [7, 12] The low hand hygiene adherence rate (43.7%) was observed in a study conducted in Brazil, [2] and in India; and an intervention increased the baseline hand hygiene adherence rate of 52% to 63%. [13] Based on these findings, it is evident that the WHO five moments for hand hygiene are not adequately practised and likely worldwide problem among HCPs. [12] According to the WHO, low compliance rate equates to missed actions. [7] The highest hand hygiene adherence rate was observed after body fluid exposure risk (82.1%), and the lowest was observed before touching a patient (27.4%), similar to a study in India. [13] These findings are also similar to a study conducted in Brazil which revealed that the moment (indication) "before touching a patient" was most likely to be missed, [18] and the lowest adherence rates to hand hygiene were before touching the patient (18.4%) and before aseptic procedure (20.9%). [2] Given these findings, it appears that many HCPs prefer to perform hand hygiene after patient contact rather than before, which indicated they perceived their risk of susceptibility and severity of illness more important than the patient.
Hand hygiene adherence by socio-demographic characteristics
The advanced diploma holder nurses had an adherence rate of 54.0%, while the adherence rate for Bachelor's degree holder and Secondary school diploma nurses, was 52.0% and 48.0%, respectively. A similar finding was reported in the study by Ryan, [26] where there was no difference in hand hygiene adherence among nurses with a College Diploma, compared to those with University Degree. In addition, this study found an association (p=.002) between the qualification level of participants with their perceptions, but there was no association (p-value=.987) of qualification level with hand hygiene adherence. This implicates that the educational level may raise an individual awareness/perception, but the individual still fails to adopt a health behaviour action. This was supported by Ryan, [26] that formal hand hygiene education did not affect the hand hygiene practices of HCPs.
There was no major difference identified among nurses who attended the in-service training on hand hygiene against those who did not attend it. In addition, there was no statistical association (p=.115) between inservice training in hand hygiene, with hand hygiene adherence. The 2013 literature review supported these findings and highlighted that hand hygiene adherence goes beyond education and training as it involves continuous motivation towards change and sustaining that change. [17] Instead, self-efficacy was considered as a determinant factor for hand hygiene compliance rather than possessing only good theoretical knowledge on hand hygiene or social influence or moral perceptions on hand hygiene. [1] The NICU adherence to hand hygiene technique was higher (90.9%) than the general wards. There was also a statistical association (p=.001) between the department of work with hand hygiene adherence. Hand hygiene is quality care and safety issue for the hospitalised patient, but critical for the neonates as approximately 1 million die on the first day and another one million within the next six days. [27] However, it was disappointing to witness low hand hygiene adherence rates in some general wards, yet they were reported to have higher HCAI prevalence. [3, 5] 
Limitations
The current research has limitations. The study was conducted at one teaching hospital so the results cannot be generalised to other hospitals in Rwanda. The sample size was small, and there were only selected hospital departments, so using a larger sample and different departments may reveal different findings. Data were collected on weekdays, so compliance with hand hygiene rates would likely be different on nights and weekends. Despite various strategies used to reduce the Hawthorne effect, its perfect reduction was not achieved since it was not possible for the observers to conduct the observation sessions while completely hidden.
Future research
A qualitative component or intervention could be added to the current survey to explore the factors associated with poor hand hygiene adherence and the effective strategies to raise the adherence to hand hygiene. The study can be expanded to different referral and district hospitals to enhance the generalisation of the study findings.
Conclusion
Registered nurses working in the UTHK demonstrated positive perceptions about HCAI and hand hygiene benefits, but inadequate practice adherence to the WHO five moments of hand hygiene. The observed low adherence to WHO five moments is critical to ascertain the optimum reduction of HCAIs at UTHK. The participants' negative perception of cues to hand hygiene action and their perceived barriers to hand hygiene reveal the institutional (UTHK) gap concerning the implementation of WHO hand hygiene guidelines. Thus, the UTHK should put more effort on the effective implementation of the WHO hand hygiene guidelines.
